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ABSTRACT 


Openpit mining of the Athabasca Oi] Sands in the Fort McMurray 
area removes most of the overburden from basal McMurray Formation clays 
which have potential for use as stoneware and low heat duty refractories. 
These clays, interbedded with sands, form the lowest unit in the strati- 
graphic interval between the base of the mined zone and the underlying 
Devonian limestone. The clays have good plasticity and working properties, 
dry reasonably well, have a total drying and firing shrinkage averaging 
10 percent, and have absorptions averaging 2.4 percent at the maximum rec- 
ommended firing temperature. Pyrometric cone equivalent (P.C.E.) varies 
from 10 to 23 with 16 as the average from 70 samples. Chemical and miner- 
alogical data suggest that a high content of potassium associated with 
abundant illite may be a significant factor in control of sample refrac- 
toriness. Fired colors are shades of yellow, brown, and gray. Thorough 
evaluation of these basal clays, to outline the most refractory portions 
of a deposit, would be necessary prior to extraction for stoneware and 


low duty refractory uses. 


Clays from within the mined zone have characteristics similar to 
those of the basal clays and similar uses can be suggested for them. 
However, the clay material rejected as "'oversize'' from the feed material 
for the oil extraction plant because it remains in large cohesive chunks 
after mining generally contains enough oil sand, in variable amounts, to 
preclude the use of the clay for ceramic purposes. The intraformational 
clays that are subjected to the primary extraction process must be con- 
centrated from the waste stream and they remain contaminated with a smal] 
amount of oil. Firing shrinkage is high and bars curl at high tempera- 
tures, but the P.C.E. of 23 and the easily accessible unlimited supply of 
this material suggests that further research to evaluate these clays might 


be worthwhile. 


INTRODUCTION 


Ells (1915, 1926), Hume (1924), and Halferdahl (1969) published data 
on the ceramic properties of clays from the Fort McMurray area which 
indicated that some of the materials might be of interest to producers of 
ceramic products. With the exception of Halferdah!, these workers only 
sampled outcrops near rivers and streams in the area. Since most of the 
desirable clays tested came from near the base of the McMurray Formation, 
below thick overburden, further investigation was curtailed. However, 
openpit mining of the Athabasca 0il Sands contained in the McMurray 
Formation removes most of this overburden and provides potential users 
with easy access to these clay resources. In view of the recently- 
developed availability of these potential resources it seemed desirable 
to augment with core samples the data of the earlier workers. It also 
seemed desirable to confirm the presence of the deposits from which Ells 
(1915, 1926) obtained the two samples that tested to a Pyrometric Cone 
Equivalent “(PYC7E'.’)? of 27. = pCck.. a measlte Ofsasclay.s Pe fadkariieees 
is expressed as a cone number relative to a series of standard manufac- 
tured cones. The higher the cone number the higher the temperature at 
which a standard cone will melt to the extent that it cannot support 
itself. The melting temperature of a clay sample is compared with that 
of P.C.E. cones by firing simultaneously the sample and a suite of cones 
of various melting temperatures. “the refractory deposits described by 
the earlier workers contain the highest refractory materials reported in 


the area and potentially are the most valuable. 


This preliminary report presents new test data, in only partially 
refined form, to make them accessible more quickly to potential users of 
ceramic clays. Subsequently, these data will form part of a more compre- 
hensive report on the ceramic properties of Alberta clays. Recommendations 
for use are based upon the characteristics of individual samples as col- 
lected in the field rather than blends of numerous components that most 


commonly comprise bodies used in ceramic ware preparations. 


GEOLOGICAL PERSPECTIVE 


The geography, geology, and projected mineral potential of the Fort 
McMurray area is summarized in Carrigy and Kramers (editors, 1973). All 
published data concerning the ceramic properties of clays sampled in this 
area are found in the compilation by Hamilton and Babet (1975) and from 
this compilation a general outline of the clay resources can be made. A 
light to dark gray, noncalcareous, slightly laminated clay is usually 
found in the interval below mineable oil sand of the Cretaceous McMurray 
Formation and above the underlying Devonian Waterways Formation. At some 
localities a light gray to greenish gray clay or shale (sometimes calcar- 
eous) is present at a comparable stratigraphic position but its ceramic 
properties are much less attractive. Lenses and stringers of light gray 
to olive gray, noncalcareous clays are present within the oil sands. 
Above the oil sands is the olive gray to light brown, slightly silty 
shale of the Cretaceous Clearwater Formation. Overlying this shale are 
various Pleistocene age glacial deposits which generally are devoid of 


clays within the study area. 


SAMPLING 


Surface and core samples tested for this report were obtained from a 
number of sources within map areas 74D and 74E of the 1:250,000 National 
Topographic Series. Most samples were collected within the surface 
mineable area from clays below the oi] sands (Fig. 1) because the work of 
previous investigators indicated that these clays are the most refractory, 
and because reasonable access is most likely upon removal of the over- 


burden during mining of the oil sands. 


Fifty-eight samples were obtained from 29 cores from the Athabasca 
0i1 Sands Project drilling program of 1952-54 (Scotland and Benthin, 1954). 
The cores, stored at the Alberta Research Council, had been used in tests 
for bitumen content but the clay and shale sections were still intact. 


After consulting the driller's field logs, cores that contained clay or 


= Core samples 


@® Outcrop samples 


a————~- Limit of surface mineable oil sands 


Figure 1. Sample Locations, Fort McMurray Area 


shale material below oil sand at the base of the McMurray Formation were 
sampled. Also tested were similar clays from 17 samples of seven cores 
supplied by Syncrude Canada Ltd., and from three samples taken from the 
floor of the Great Canadian Oi] Sands Ltd. (GCOS) openpit mine. Clay 
samples from the base of the McMurray Formation also were collected from 


outcrops along watercourses in the study area. 


A sample of clay from within the oil sands was obtained from the 
GCOS "'oversize'' reject area. Further sampling of intraformational clay 
was considered unwarranted because present mining and processing prac- 
tices preclude recovery of this material without contamination from oi} 
sand. A sample of fine-grained material concentrated from tailings was 
obtained as an example of the homogeneous clay produced during processing 


of the oi] sands. 


Three samples were taken for analysis from the Clearwater Formation 


which overlies the McMurray Formation. 


TESTING 


All samples were tested for refractoriness by determining P.C.E. 
values. Twenty-nine samples were selected for further analyses which 
included determination of plasticity, workability, extrudability, drying 
characteristics at room temperature and 150°C, linear drying and firing 
shrinkage, water adsorption after firing, fired color at the point of 
steel hardness, firing range, and maximum recommended firing temperature. 


Ten samples were chosen for chemical analyses. 


PROPERTIES OF THE BASAL MCMURRAY FORMATION CLAYS 


In some topographic lows on the surface of the Devonian limestone, 
the stratigraphic interval between the base of the oil pay-zone (oi1 
content 6 percent minimum) and the underlying limestone can be divided 


into two recognizable units. Interbedded oil-bearing sand, silt, and 
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clay commonly overlie lenticular beds of oil-free clay and sand. Thick- 
ness of the interbedded zone may vary from 1.5 m (5 ft) to 15 m (50 ft) 
while the underlying zone of clay and sand may be zero to 15 m thick. 

The clays from the oil-free zone vary from dark brownish gray to black, 
slickensided material that often contains lignite to light to dark gray, 
noncalcareous, slightly laminated clay. The clays from this lower zone 
are of interest for their ceramic properties and are termed ''basal clays"! 
in this report, as an indicator of their stratigraphic position. These 
clays probably are equivalent to the "'oil sands underclay'' of Halferdahl 


(1969). 


The basal clays are potentially the most valuable for use in the 
production of structural clay products, pottery, and refractories. 
Typical requirements for structural clays and pottery clays are given in 
table 1. The most common method employed in forming structural clay 
products is the stiff mud extrusion process, and in this process good 
plasticity and workability are very important properties of the raw 
material. Uniform drying without warping and cracking is also important, 
although poor drying characteristics often can be improved by adding fine 
quartz or granular, nonplastic, prefired clay called "'grog''. Workability 
and fired color are the most important properties for pottery clays, with 
color particularly important for whitewares. Pottery formed by throwing, 
jiggering, or slipcasting must have good plasticity, and the drying and 
firing shrinkage must be small enough to prevent warping and cracking. 
Table 2 summarizes the data from Appendix 1 and shows that the basal 
clays generally have good plasticity and working properties and that most 
samples dry well, although warping of the body during drying is not 
uncommon. Total drying and firing shrinkage averages about 10 percent. 
Water absorption at the point of steel hardness averages 7.4 percent but 
drops to an average of about 2.4 percent at the maximum recommended 
firing temperature. Maximum recommended firing temperature was deter- 
mined from the shrinkage versus temperature curve plotted for each sample 
(Fig. 2); the temperature of maximum shrinkage was chosen as the maximum 


recommended firing temperature because higher temperatures cause bloating 


Ap1B @Al}o 40 ApiB BAl}O JO 


A|MO|S Pasly UBYM (7 @u09) SepDYs 10 UMOIG JO (7Q 2402) = sappys 10 UMOIG 
Ajjo1sedse jam seit v°S ¥iS OLZ1 sepbys sjoJ9pow Ags 0601 jo sepoys 4461] 
SID WY (%) (%) (Do) 10}0D (%) (Do) 10]0D 
eBoxurys uoljdiosqy sinjorodwiay uoljdiosqy ainposedus | 
S414 WNWIXDy; PADH 12245 


Eye) 14SIAOJODIDU") poil4 


SHODIO f]1s JoUIW “pajpulWD] 
pup sdiom diomM OBDIBAD 9] uayo ‘Anjo AniB 44Dp Of 
c Jourw “poop Jourw ‘poop poob poob Q| £Z7-01 4461] JO sappys SNOLIDA 
(%) eBoxuLWYusS = D001 due) wy SeNJedoig — AYID14SD]g — (%) 4E40M\ 3Dd Uo! 4d! 1oseq 
Buiduq BuI>yJoAA Buiiodway 


JoiAnyag Buidig 


SDI4SIISJODIDY*) pos 1ur) 


sAD |) jOsbg WOdt sejdwios jo SOLSIIO JODIE YA) JO49U9C) ae a{9P] 


skD|> [DSH 105 S@AIND eiNjosodwias Burst snssoA eBoxuYs Bulsi4 juedsed @A1 40 jJuasaidey 


Jo aunyosedwisy 


o0€l 00Z1 OOL | 0001 006 008 002 009 


soups Suis f= 


aingosadwa4 Buliiy papuswwoses WNW! xXDYy B] 


sSOUPIDY jao4s jo 4{UlOd 


Z enbi4 


ebpxuliys Hurst, % 


-10- 


from overfiring. The average firing temperature needed to reach steel 
hardness is 1090°C (cone 04) and the average maximum recommended firing 
temperature is 1210°C (cone 4). Fired colors are shades of yellow, 


brown, and gray. 


Assuming that the clay properties listed in table | are typical of 
clays used in the structural clay products and pottery industries (exclud- 
ing whitewares), the conclusion is, based on the data given in table 2, 
that basal clays can be used by both industries. However, these clays 
have some properties restricting their use: because no basal clay sample 
burned to a white color these clays cannot be used for the production of 
whiteware in the pottery industry; also the average water absorption at 
maximum recommended firing temperature is slightly above the 2 percent 
maximum allowable for unglazed stoneware. The recommended vitrification 
range for stoneware products is between cones 4 and 10 (1210-1330°C) with 
cone 8 (1300°C) as the desired maturation temperature (Klinefelter and 
Hamlin, 1957). The average maximum recommended firing temperature of 
cone 4 (1210°C) for the basal clays places these clays at the lower end 
of the recommended vitrification range, but judicious blending of basal 
clays from different areas of a mine might upgrade the maturation tem- 
perature to cone 8. An increase in the maturation temperature also might 
reduce the water absorption at maximum fire by producing enough vitreous 
material to further decrease the number of voids in a fired body and thus 
reduce water absorption below the 2 percent maximum allowed for unglazed 


stoneware articles. 


Although the market in Alberta for refractory clay products is sub- 
stantial, the best basal clays could be used to produce only low heat duty 
refractories. Clays with P.C.E. values from cone 15 to 29 (1430-1660°C) 
are considered low heat duty refractory clays (ASTM Designation C27-70). 
The most refractory basal clays (Appendixes | and 2) test to cone 23 
(1605°C) and the average of all samples tested is cone 16 (1490°C). 
Because the average P.C.E. barely surpasses the minimum requirement for 


low heat duty fireclay brick, judicious monitoring of samples during 


-ll- 


mining and stockpiling would be necessary to obtain the quantity of 


higher refractory material necessary to maintain consistent production. 


If development of the clays were planned, a detailed drilling pro- 
gram to delineate the basal clays prior to mining would expedite the 
continuous monitoring program necessary during mining because it would be 
possible to locate clays with very low refractoriness and other less 
desirable properties that occupy a similar stratigraphic position at the 
McMurray Formation-Waterways Formation contact (Appendix 3). Although it 
is not possible to predict with certainty whether a core or outcrop 
sample of basal clay will have the desired characteristics, samples that 
contain carbonate, limonite, or carbonaceous material are less likely to 
be desirable as shown by the P.C.E. values and driller's log in Appendix 2. 
Cores AOP-20, -85, -96 (Appendix 4) illustrate that in some cores refrac- 
toriness of samples from a sequence of clay can deteriorate from high to 
low as samples are taken closer to the limestone. However, this trend in 


refractoriness is not universal and cannot be used in a predictive manner. 


Factors controlling refractoriness are mineralogy and the carbonate, 
limonite, and carbonaceous material content. X-ray diffraction techniques 
show that less refractory clays contain from 15 to 35 percent less kao- 
linite, and a commensurate 15 to 35 percent greater illite content than 


the typical more refractory basal clay. 


Characteristics of the less desirable clays from above the McMurray- 
Waterways formational contact are shown in table 2 which summarizes data 
given in Appendixes 3 and 4. The poor drying characteristics, short 
firing range, and bloating tendencies of these samples reduces their 


value considerably. 


Chemical analyses of nine basal clays and one ''lower quality'! clay 
presented in Appendix 5 show that silica content and alumina content are 
within the general limits of 40 to 80 percent and 10 to 40 percent, re- 
spectively, given by Grimshaw (1971) for fireclays. With two exceptions, 


iron oxide content is less than the 5 percent maximum for a fireclay. 
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The lime and magnesia totals satisfy the less than 5 percent maximum for 
those fluxes; however, most samples exceed the less than 3 percent total 
recommended for potassium and sodium. The high potassium content probably 
is associated with the significant presence of the clay mineral illite, 
because feldspars generally are not sufficiently abundant to be identified 
in X-ray patterns from these samples. The fluxing power of potassium may 
be one of the main causes of the moderate refractoriness of these samples. 
The particularly high potassium content of the lower quality (P.C.E. = 6) 
clay sample included among the typical higher refractory basal clays 


supports this suggestion. 


The quest to duplicate the two basal clay samples reported by Ells 
(1915, 1926) that tested to cone 27 was only partly successful. His des- 
cription of the sampling location on the Muskeg River (Ells, 1915, sample 
190) as, ''From a point on northwest shore of Muskeg River, between head 


'' is imprecise at best. A traverse along 


of portage and mouth of river, 
the lower 3 miles of the Muskeg River during the course of this investi- - 
gation revealed only one locality where clay is exposed and a sample from. 
that locality tested to cone 6. The traverse was performed during the 
season of low water in the river and no slumping was observed over areas 
where basal clays might be expected, so it is unlikely that a basal clay 
deposit was obscured. This author is not convinced of the existence of a 


clay deposit that tests to cone 27 on the Muskeg River, and suggests that 


the laboratory test results of Ells are suspect. 


From the McLean Creek outcrop sampled by Ells (1926, sample 2) two 
samples for this study tested to cone 20. One of six samples from the 
same location tested for M. Dusseault (1977), yielded a value of cone 26. 
An average value for the six samples is cone 20. Although samples from 
the McLean Creek outcrop seem potentially more valuable than other basal 
clay samples because they consistently yield higher P.C.E. values, the 
assessment of Hume (1924), that, ''the overburden of tar sands, except for 
a limited area, is so thick as to make this deposit unworkable,'' is still 


valid and conditions probably will not change in the near future. 
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PROPERTIES OF INTRAFORMATIONAL CLAYS 


As stated at the beginning of this report, only one sample of intra- 
formational clay was collected because of the impossibility of obtaining 
samples, during mining, that are uncontaminated with oil sand. The 
sample of intraformational clay that Hume (1924, Deposit 3) collected has 
properties similar to those of the sample collected for this study, so it 
is possible to describe a few general properties of these clays. The 
clay is olive gray in color and works well with good plasticity at 16 to 
17 percent tempering water. Some bars warped during drying in this 
study, although Hume reported that his sample dried well. In both studies 
drying shrinkage is 5 percent. Fired test pieces reached steel hardness 
at 980°C for the sample tested by Hume, but not until 1195°C in this 
study. Maximum recommended firing temperature is 1240°C and the absorp- 
tion at that temperature should be about 3 percent, with fired shrinkage 
about 6 percent. Fired color is dark yellowish brown (10YR4/2). The 
P.C.E. obtained in this study is 15 and that obtained for the sample 
collected by Hume is 16 (Table 3). 


A comparison of properties quickly reveals that the intraformational 
clays and the basal clays behave similarly, so the intraformational clays 
could be used for purposes similar to those outlined for the basal clays. 
However, the uncontrollable contamination by oil sand during mining 


essentially precludes use of these clays for ceramic purposes. 


A homogenized form of the intraformational clays is released during 
the primary extraction of oil from the oil sands. Good plasticity is 
obtained from these 5Y4/1 (olive gray) clays with 28 percent tempering 
water, but the residual oil content interferes with the even distribution 
of water during mixing for extrusion. Minor cracks appear during drying 
at room temperature, and cracking is more severe at 150°C. Drying 
shrinkage is 6 percent. A great deal of smoke is produced as the re- 
sidual oil burns off during firing. Steel hardness is reached at 1075°C, 


the color is 5YR8/4 (moderate orange pink), and absorption is 9.5 percent. 


Bah. 
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Firing was halted at 1200°C because the bars were curving upward so se- 
verely that they almost reached the top of the muffle. Color after firing 
ts 1200°C is 10YR6/2 (pale yellowish brown), absorption is 1 percent, and 
sirneneage ts 127.5 percent. P.C.E. is 23. 


Because these clays are mined, are unlimited in supply, and have a 
significantly higher P.C.E. than the average for basal clays, they are a 
potentially attractive source of ceramic clay; however, because the clays 
must be concentrated from the material obtained during primary extraction 
of the oil sand, crack upon drying, smoke badly during firing, and shrink 
and curl severely at high temperature, they are an unattractive source of 
ceramic clay. However, the addition of grog or sand probably could improve 
both the drying and firing characteristics, and under certain conditions 
the degree of concentration needed to produce ceramic clay from material 
released during the primary extraction process might be economically 


tenable. 


PROPERTIES OF CLAYS OF THE CLEARWATER FORMATION 


A bed of glauconitic sandstone at the base of the Clearwater For- 
mation marks the boundary with underlying McMurray Formation. Above the 
glauconitic sandstone is an olive gray, massive, slightly silty marine 
shale, which commonly shows 10-foot thick iron-stained exposures littered 


with gypsum crystals. 


The ceramic properties of samples from the marine shales tested 
during this study are listed in Appendix 6; it is apparent that at about 
20 percent tempering water, plasticity is only fair to good, but the 
material does extrude well. Drying shrinkage is less than 8 percent, but 
to prevent the warping of pieces that commonly occurs during drying, it 
would be necessary to add fine sand or grog to any mixture. Shades of 
pale to moderate brown are the most common fired colors at steel hardness 
and at maximum recommended fire. The moderate brown is an attractive but 
unconventional color. The vitrification range average of 20-25°C is so 


short that temperature control in a kiln would be very critical. The 


a16 


tendency to warp during firing and to show soft, white inclusions after 
firing combined with the short vitrification range make the shales of the 


Clearwater Formation undesirable for ceramic use. 
CONCLUSIONS 


kK The basal unit in the stratigraphic interval between the base of 
the zone mined for the Athabasca Oi! Sands and the underlying 
limestone contains clays that have potential use for stoneware and 


low heat duty refractories: 


(a) P.C.E. varies from 10 to 23 with an average of 16 from 70 samples. 

(b) Plasticity and working properties are good. 

(c) Samples dry reasonably well, total drying and firing shrinkage 
averages 10 percent, and absorption averages 2.4 percent at the 
maximum recommended firing temperature. 

(d) Fired colors are shades of yellow, brown, and gray. 

(e) The high content of potassium associated with the abundant clay. 
mineral illite may be a significant factor in control of sample 
refractoriness. 

(f) If these clays are considered for use, extensive exploration 
for the most refractory and largest concentrations of suitable 


material will be necessary. 


2. Clays from the mining zone are similar to the basal clays. However, 
material rejected as "'oversize'' before the primary extraction of oil 
from the oi] sands generally contains enough oil sand, in uncontrol- 
lable amounts, to eliminate these clays from consideration for use 
as raw materials for ceramic production. Material that is subjected 
to primary extraction is in a slurry and must be concentrated from 
the waste stream. This clay remains contaminated with oil and this 
probably contributes to the high firing shrinkage. However, the 
P.C.E. of 23 and the unlimited supply of readily accessible material 
suggest that further study to overcome these disadvantages would be 


valuable. 


-|/7- 
REFERENCES 


ASTM Designation C27-70 (1970): Standard classification of fireclay and 
high-alumina refractory brick; American Society of Testing Materials 


Annual Book of ASTM Standards, Part 17. 


Carrigy, M.A., and J.W. Kramers (editors) (1973): Guide to the Athabasca Oi] 


Sands Area, Alberta Research Council Information Series 65, 213 pages. 


Dusseault, M.B. (1977): The geotechnical characteristics of the Athabasca 
Oil Sands; unpublished Ph.D. thesis, University of Alberta, 472 pages. 


Ells, S.C. (1915): Notes on clay deposits near McMurray Alberta; Canada 
Department of Mines, Mines Branch Report 336, Bulletin 10, 15 pages. 


(1926): Bituminous sands of northern Alberta; Canada Department 


of Mines, Mines Branch Report 632, p. 9-11. 


Grimshaw, R.W. (1971): The Chemistry and Physics of Clays; Wylie Inter- 


science, Inc., 1024 pages. 


Halferdahl, L.B. (1969): Composition and ceramic properties of some clays 
from northeastern Alberta; Research Council of Alberta Earth Sciences 


Report 69-3, 24 pages. 


Hamilton, W.N., and P.H. Babet (1975): Alberta clays and shales, summary of 
ceramic properties; Alberta Research Council Economic Geology Report 3, 


73 pages. 


Hume, G.S. (1924): Clay deposits on Athabasca River, Alberta; Geological 
Survey of Canada Summary Report 1923, Part B, p. 16B-20B. 


Klinefelter, T.A., and H.P. Hamlin (1957): Syllabus of clay testing; United 
States Department of the Interior, Bureau of Mines Bulletin 565, 


67 pages. 


Scotland, W.A., and H. Benthin (1954): Athabasca Oi] Sands Project, unpublished 


report, Calvan Consolidated Oil and Gas Company, Calgary, 3 volumes. 


4 36 roi.jeat?beeg?s bisines? axe or ne +3 nai hee 
nites? to va9ioa® neal ase PENET MIDI SEVIER enon 


a ~~ 


~\l 1965 | ehieingte BTCA To Seal ae eunih ae 


{ : 
1 Utd Ve POO? Pas). Sane 
+> ore aan i es “ ish Pie ee O F 
Noe JeinjIorn: |§ aos WEGeSy 
re ; r 
j Pek We » fT 62.) Fl Pee = 


iTuUMSM Yhsn Px rergeb Yala (0 


6. jsiyadbA ovedaven to #bend: Sie mee 
Ge ee <td D409) d saan apaiM eat 
4 ° xy ‘9 me ha + ret) 
( ¥ es os it y Aiken s eT ‘ ‘* on 


a oe ; 4 ; we fp Ph 
me 8O Fa SOT pind th, x13 


bee.eveln atssttacs (aver) sodas He Sine, 5 Meth 


' - onic ¥ 
‘imonoad fianwe) noveegsa sitedl a jaeas Tago 
7 j i { Ba 7 
ah = 


ett: Fl 
, Ray 9 
ae ee / 
i ee 
») i} 


oe 


, eyolD lead lo sitzivetsoind> simoweD «1 xibraggA 
zz « 4 9 1retsweered vv b e + } n UY 
a 2 : qivertsd. gniyyG 
7 - > a ee gee L 
ey yng ‘ noon : * 
(2) sgeolsin? >°0tt -ewirvegmeT ==. ti treqorT griiax ¢ “| yRanee a) Tako ayo: 
7 . S ae 
an ait — — t pot | . ent 
ai E welg 
: pore 
ere : : . aa pe 8 on at cs 
~ Aya dae “Ba sony bone ' boog. boog oISB o HS ed ¥ #S-ES 
a s “= ? : c er if és = 
: vo! 
_ J ion 


; — . 9 7 ‘ ~ , 2 ? " < a , - a 
a = a6 -" boeo boon boop beds “Gt vie ss ci at 
~- . sya Ky 24: 4—Kis BDE9 ~ P P 


eas sOUa 44: s 


ines 


=) he ) qew tor P 

PRR, LhiQ Poor a Orit bomgeisy Ls ta * Ao 
2 = ' afeen + an doop web beep ot tie? | boop Ni éf tie vonim .yolo: “ 
: rn) Gece * bts Gems 'a< \ By oor = renin bs errk- aad 
: “$0 ae boog beng - igt OO it g Vi "<*Riz sont yy SE a 
anew aqeow > Rin Chagiiz sboag Faas tint = eps ny 7a Lonmin opts a5 = ‘tee 4 


para = ee ae MAL far shot ee 


7h 


ae a vorsien bani’? 1°? Han \) Boop boog visy ~ Bh ay bt gry tlie’ al ee 


Giw OR WGiatiup ict «= gait riot s « 8 ae vok orem hem” 


a a ‘ ls Fa Xi rg i 
eZ  “BZze ¢aAs fame | Sa CA . ( 
ae boas. ee fot boo i rae -: 


“abi otxcoqg. «2 7D tint: ag 4) st my 1 xia .yaqgimei 
iM - a : \ Cae ‘a ar sack 

oe 7 hoog _ eh wet LY alia . “Saat S\eavor ey 
a ET rei snot 


ss a Sr 


-20- 


4]1s 4ourwW “UO; pour WD} 


0°8 SODAS JOUYW dom soujw =|] JaM sapniyxe ‘poo — poob El ‘Sl ulus “E/PAG “44 OL OL 26 Lt ¥/LMN 
jis Jour ‘uot~DUILUD] 
a aa peek, 1p sepaine “pom rece 91 v1 wus “L/PAS “43 OL Ol 2 v1 ¥/LMN 
JJIS JoUIW “UO!;DUL WUD] 
Ly a ae eel sour qe eae pooe pees el vA sour “Z/PUAOE C1 Ol 2 1 %/LMN 
£°8 sdupm sduom AID} 04 100d AID} SZ 91 Agjis “AD|9 1 /GAG Ol. 2b gL 
aoe poob pooh poop poop e] 8| Apj> Avi68 wnipew OL Zb oe el 
SHODID JOU! W jis sourw 
Gy ‘dip jourw dpm sourw dgl4ys ajinb /4ipy poob o} 4104 ZZ 0Z *ko}9 Aods6 wnipew OL Z6 Ee 4 
C’r dupm sourw poob poob poop A138 gl val Ayis ‘Apo L/SAS OL Zé Le C 
“Ah 
(Son sdiomM sdupM Hits Aj4y6ijs ‘pooB = pooB 0} 414 Z| GI Jourm ‘ADj2 42_I{q YoOs Ol Z6 ie s 
8°0 poee poo6 pes qr 6 vA H[1s douyws “ADj> 1/PAG Ol. .tée Ste 9 
oF poss pore Mee CE: peas Zl 91 {1s tours “451 en Ol. 26seete el 
pooh A19A 
psig sduoM dinm jourw pooh ©} poob él 91 44s Jour “AIO yf /PAG OL Z6 le el 
Zac poob poop Ax2D148 4NG ‘poob poop 9} CI Ap|> Avi6 wnipew LL 76 =SE ror 
aiuBiy ‘ADjO 4410p 
Mra poob poos 4ood 400d LZ ZI S@Z-02Z 06-dOV LL 76 SI 6 
Ap\2 uaesB 
e°s poee pe2e> poco prec ce Cie by él 4 SLI-OLL Zi-dOV tL Ge 9 
ajoys useiB-Ani6 
83°F pooB poob pooB = poo 0} 41D} ta vl SSl-OS FP eé-dOv Ll G6>— Of cl 
ayiuBiy ’ADjD 440p 
09 Pe ae Boe BEG 8Z SI OlZ-S0Z 96-dOV 92 *396eae vl 
Anja uMoig—ADs6 
vey poob poob pooB = poo 0} 4104 €¢ Sl O€Z-E7C OV-d OV Lia LL 8 
Apjo Apups ‘Av16 
8°€ oh poe pees poms Zl 81 S@Z-02Z 8S-dOV LL Pc67eat 6 
(%) eBoxULIUsS SeOSi ain psedwa | satpiedoig BUDO Aya14sD] gq (%) JAIOMA—sID uoifdisosaq y dj ag ps] 
A 
Burhuq wooy Buriedwi | (PM) Yo1yD207 
Joranyag Burdug 
Sete Skt a oe. g OO Dl ys p 02 ff Maa 


skp{> |PSOg 4O SOIJsIWeJODIDY DIWDIE> *| xIpuaddy 


-2?\|- 


"SUMOIG YSIMOIJ{aA IOP C4 4YBI] B4D S,YAQ] PUD ‘sUMOIG WINIpaw OF 4yBI) B4D s\yAcg ‘ADIB BAIjO Jo SeppYs eld s, Ac “A]JDIeUaD 
*Z xipuaddy uy payaidiayul 010 suotyouBysep jooriewnpyy * waysds jjasunyy ayy UO pasDg UO; JOUBIsep J0]0D, 


[JOM seat 9 Z Oszl Z/9NAOL e°¢ SOZl Z/GYAS Ol 726 vl ¥/LMN 
[Jom seat G°Z ae) S@Z1 Z/vHAOL 8°Y SLL Z/SYAS OL 726 Ll ¥/LAAN 
Ajmojs a4ty 48409 49D)q SY Gz 002! 7/LAS Z OOLL t/LAS OL 26 vt ¥/IMN 
A\mojs aity 9109 yO0jq 9 € GLE ¥/PIAG S°S Ov6 V/PIAS Ob TS 4 91 
suoisn|oul a>41|-Bo|s 490} q S*€ 4 O9€1 Z/SAS S*y SZZ1 Z/SAS OL "2a Ge el 
BSoib Jour Y4yIM |{aM a1i} pjnom 9 l SZIL ¥/9AS S*Ol 006 7/8YA0L OFM 25a —1e v 
A|MO|s 3113 8409 4ODIq 9 l Ovzl Z/vsA0l 6 OOLL 9/GYAG Ol 26 is ¢ 
[Jom Asan saat S°¢ L SEZ L/9AS 6 SZLL ¢/L8X01 Ol cemiate S 
DoOSEL 44 paoy jeess ou 
suoysnjour e%1}-Bojs 490)q Auow y'¢ € Ose l V/9AG = = = OF Cir ts 9 
[Jam Asan sasny 4 One 3 0SZI Z/LAS OL Oo 7/LAG Ol” Cee ae el 
AjMo|s aij ’8109 yOD]q 9 9 OOLt v/LNA0L Sel 0S6 ¢/LIA0L OF Fé ke el 
Aj mojs pasty ueym poob G°S € Ovi L Z/SAG L°6 066 ¢/S4AOL ll 2 26s 91 
Bursiy uo 
A\pog sdipm / 316.4 sing el 81 09Z1 Z/vaAOL él S@Z p/SYAOL Li ($60 Se 6 
241} 104s g°9 eve OOLt 0/VSAS Lt SZOl v/VNAS Li "oer 9 
jJe” sean S°8 L 00ZL Z/PIAOL aga S80| ¢/LNA0L tL: 2S6ssGy Zl 
Apog Dam i PAY |B@4s YIM Sapjousoo Ll GLZ1 v/LIA0L 8 9% «66 vl 
jP1484y0W e>1|-Bo}s yonuw Cts 62 OOLL ¥/PIAG 6 0S6 V/IIAS ‘i S26 re 8 
[JOM Alan sony S°S S2z GZZI 7/LAG Ol SZ0l 7/LMA0L Ll S365 set 6 
SIDWEY (%) (%) (Do) 40]0D (%) (Do) 4 10[0D Y dy (985 PS] 
abo xurUsS uol jdiosqy aun josedway uoljduosqy dun joiedway (pM) U0}}D907 
e4t4 WN WI XDA Pp4dH |294S 
$ eats Ss et O's Dima ae Dic RU 1) p Hy 


(penuijuos) +}; xipuaddy 


io : ay ; oy Ma... \-° eee 


- "27 - re, ee 


aw yaev gorit 


loizetorm edil-golzdsurm se <5. 


a; : oe ee 
Ths wait? o.8 
ye 
4 & 
Go. WV & 
pote 
nt 
a 
¢ 4 5 
j ; . 
” s 
ares ; 
; fe" eee 
yr woe SF ~Siss soolS C 
a ae a 
Pease tenes, STi ) ey sai Drow 
aealle 
‘ i bl 2 
od + ~ ~ + ) hla i's re 
tine =) aa AS ol 


Hole 


AOP-12 


AOP-16 
AO P-17 
AOP-18 
AOP-23 


AOP-25 


AOP-26 
AOP-28 
AOP-40 


AOP-55 
AO P-56 
AOP-58 


AOP-64 
AOP-67 


AOP-72 


AOP-74 
AOP-80 
AO P-84 


AOP-90 
AOP-97 


Depth 


190-195 
195-200 


135-140 
110-115 
130-135 


150-155 
155-160 


165-170 
180-185 


140-145 
130-135 


223-230 
230-240 


200-210 
215-220 


220-225 
225-230 
230-235 
235-240 
240-245 
245-250 
250-255 
255-260 
260-265 
265-270 
270-275 
275-280 


168-175 


240-245 
255-260 
260-265 


165-170 
180-185 
205-210 


185-190 
145-150 


180-185 
185-190 
190-195 


220-225 


205-210 
215-220 
240-245 
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Appendix 2. P.C.E. Values of Basal Clays 
Location (W4) PCE Driller's Description 
1]-21-94-11 12 clay, some poor oil sand 
10 clay 
8-27-94-1] 14 green shale 
6-34-94-1] 22 green clay 
10-33-94-11 10 green-white clay, limy 
12-10-95-11 14 gray~green shale 
15 black clay 
5-14-95-11 14 green-black clay 
12 green clay 
5-13-95-11 17 clay 
12-22-95-11 14 clay 
8-11-97-1] 15 gray-brown clay 
22 gray-brown clay 
14-6-98-10 17 sandy gray shale 
14-7-98-10 20 dark sandy clay 
9-1-98-11 18 gray, sandy clay 
18 gray, sandy clay 
23 gray, sandy clay 
19 gray, sandy clay 
20 gray, sandy clay 
18 gray, sandy clay 
18 gray, sandy clay 
18 dark clay and lignite 
18 gray clay 
18 gray clay 
17 gray clay 
18 dark clay 
16-11-95-11 16 dark clay and lignite 
2-23-95-11 20 clay and barren sand interbeds 
18 light greenish clay 
18 dense black clay and lignite 
15- 15-95-11 16 gray clay 
14 light sandy clay 
13 light greenish clay 
2-9-95-11 12 green clay 
7-28-94-11 12 gray-green clay, slightly limy 
16-22-94-11 15 mottled greenish clay with 
12 abundant hematite and 
12 limonite streaks 
9-15-94-11 We dark clay, lignite, H2S 
6-24-96-8 16 black clay and lignite 
17 black clay and lignite 
20 black clay and lignite 
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Appendix 4. P.C.E. Values from Selected Samples at the McMurray-Waterways Formation Contact 


Location (W4) 


Lsd Sec Tp R Core Depth Pee Driller's Log 
G20 3 lee77 10 AOP-45 155-160 3 green clay, limy 
149 % 8 AOP-% 205-210 15 dark clay with minor limoni 
215-220 10 dark clay with minor limoni 
240-245 3 green clay becoming limy 
Ay > +8 96g810 AOP-95 290-295 4 green clay 
Oo UG mecOmnl 0 AOP-94 300-305 2 gray~-blue limy clay 
305-310 2 gray-blue limy clay 
310-315 3 gray-blue limy clay 
Oa Omi AOP-20 140-145 17 green and black clays 
155-160 8 green shale 
7S) Seok in AOP-19 145-150 6 chalk-like lumps, no 
HCI reaction 
107m AOP-85 170-175 12 gray clay 
180-185 2 green clay, limonite streak 
8 228-94.) 11 AOP-87 190-195 3 olive green clay with 
limonite 
Dg eR NG AOP-92 195-200 3 hard green limy shales 
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Appendix 7. Colors Encountered in Unfired and Fired Clays from the Ft. McMurray Area 
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Color designations based on the Munsell system as interpreted by the 
Rock-Color Chart Committee are used in this report to provide a 
standard to which any reader can refer. 
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yellowish gray (lighter than 5Y7/2) 
grayish green 


yellowish gray 

light olive gray 

dark olive gray 

dusky yellow 

light olive gray (lighter gray than 5Y5/2) 
medium olive gray 

olive gray 


olive black 


pale brown 
light brown 
moderate brown 


light brown (with an orange cast) 


very pale orange 
pale yellowish brown 
dark yellowish brown 


dusky yellowish brown 


“grayish orange 


moderate yellowish brown 
moderate reddish orange 


very light gray 


medium dark gray 
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